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What is the Mini Time Cube

 Semi-directional reactor neutrino detector, 
fast hit times in each pixel allow for 
reconstruction of the neutron capture 
point and positron track reconstruction

 IBD reaction: 𝑉𝑒 + p  𝑒+ + n

 𝑒+ + 𝑒−  𝛾

10𝐵 doped plastic scintillator


10𝐵 + n  11𝐵 + 𝛾



Red = Borated Poly
Green = Steel Shot 
in wax
Blue = A36 Steel



3D Model
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Source (Fission Spectrum)



Results



Source

 Measured source for photons:

Gamma Peaks:

(𝑛 + 𝑂24  𝛾 + 𝑁𝑎24)

(𝑛 + 𝑂16  𝛾 + 𝑁16)

(𝑛 + 𝐹𝑒56  𝛾 + 𝐹𝑒57)



Results



Photon Tracks

Compton 
Scattering scales 
with more 
electrons, which is 
why steel (Fe) 
stops gammas.



Source (Goldhagen)

 Goldhagen spectrum for neutrons:
Jumps are 
artifacts of 
deconvolution
and binning, 
not physical.
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Results

𝑆35𝐹𝑒57𝑒− + 𝑒+



Neutron Tracks

1. Little interaction with outer 
Boron, only absorbs low 
energy neutrons.

2. Lots of neutron scattering 
happens in the steel and 
wax which lowers neutron 
energy.

3. High interaction with inner 
Boron, neutrons are low 
enough energy to be 
absorbed.



Questions?

 Thank You



Extras

Isotope Percentage

𝐻1 12.1%

𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝐶𝑎𝑟𝑏𝑜𝑛 71.8%

𝑂16 11.1%

𝐵10 0.995%

𝐵11 4.005%

Watt fission spectrum:

𝑝 𝐸 = 𝐶−𝐸/1.028sinh(2.084𝐸) 1/2

Based off of a 14 MeV neutron 
induced fission of a 𝑈235 nucleus.

Borated Poly:

Steel Shot in Wax (by mass):
65% A36 Steel
35% Paraffin Wax

AutoCAD Model 
(without poly):

Densities:

Steel Shot in Wax   5.87
𝑔𝑟𝑎𝑚𝑠

𝑐𝑚3

A36 Steel               7.85
𝑔𝑟𝑎𝑚𝑠

𝑐𝑚3

Borated Poly           1.06
𝑔𝑟𝑎𝑚𝑠

𝑐𝑚3


